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Abstract 
AA6063 alloys are widely used for boat and shipbuilding. A moving aluminium alloy ship in seawater is susceptible to erosion 
corrosion. Erosion-corrosion is an accelerated corrosion attack in metals due to a relative motion of corrosive fluid.  For that reason, 
an improvement in erosion corrosion resistance to the aluminium alloy is needed. In this work, the AA6063 alloys were prepared 
by casting. The alloys were solutionised at 535 oC for 6 hours and followed by water-quenching. The alloys were then artificial 
aged at 200 oC for 5 hours and followed by natural aging for 14 days. Erosion-corrosion tests were carried out in  3.5% NaCl 
solution. The solution was stirred using a magnetic stirer at rotation speeds of 100, 200, 300, 400, 500 and 600 rpm. It was found 
that the solution and aging treatments have increased erosion-corrosion resistance of AA6063 alloys. A better erosion-corrosion 
resistance was obtained by a combining both artificial and natural aging process. In this condition, the alloy posseses corrosion 
rates of 0.210 mm/year for 0 rpm and 5.306 mm/year for 600 rpm of rotation speeds respectively. 
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1. Introduction  
 In a marine environment, corrosion-resistant architectural Al-Alloy which is also known as AA6063 alloy is 
mostly used1. With magnesium and silicon as the main alloying elements, it has good mechanical properties in general, 
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as well as heat treatable and weldable. It also has a good surface finish, high corrosion resistance and can be easily 
anodised, but in a marine environment, it is easily exposed to a corrosion attack. Ion Cl- in  seawater can cause pitting 
corrosion to the aluminium alloy2. A moving aluminium alloy ship will easily undergo erosion corrosion. Thus, 
American Bureau of Shipping (ABS) and the American Society for Testing and Material (ASTM) have identified that 
A6063 aluminium allloy with solution heat treatment and artificial aging (T6) is suitable for shipbuilding3.  
 
Erosion-corrosion is most prevalent in soft alloys (i.e. copper, aluminum and lead alloys). Alloys which form 
a surface film in a corrosive environment commonly show a limiting velocity above which corrosion rapidly 
accelerates4. 
 
 As known, the corrosion resistance of the alloys can be increased with a solution heat treatment5. Mechanism 
of erosion corrosion of metal in marine environment as shown  in figure 1,  indicating that a relative motion of a piece 
of a metal in water can cause damage to surface of the metal. 
 
 
Fig.1.  Mechanism of erosion-corrosion of metal6. 
 
Both magnesium and silicon started to come out from the solid solution and precipitated as Mg2Si when age hardening 
begins. Precipitation at the early stage was perfectly coherent with the aluminium matrix. At high temperature, Mg2Si 
precipitates will become partially coherent and, eventually, incoherent with the matrix. In this case full coherency was 
very favourable in order to achieve higher strength and hardness7. 
 
 The aim of this research is to determine effect of solution heat treatment, artificial and natural aging on 
erosion-corrosion resistance of A6063 aluminium. The erosion-corrosion resistance of the alloy will be represented 
by corrosion rate and will relate to hardness of the alloy due to respective heat treatments. 
 
2. Methodology  
The chemical composition of the AA6063 aluminium alloy in weight percent is 0.53 Si , 0.44 Mg , 0.28 Zn 
, 0.25 Fe , 0.03 Ti , 0.02 Cu , 0.01 Cr , 0.01 Co and Al balance. In this work, AA6063 aluminium alloy is used as 
testing material. 
  All alloys were prepared through melting at 800 oC with a holding time of 10 minutes. The melt was cast into 
steel moulds to obtain 14 mm diameter rods. The specimens were solution heat-treated at 535 oC for 6 hours and 
water-quenched at room temperature. It was followed by an artificial aging at 200 oC for 5 hours8. The specimens 
were then naturally aged for 14 days9. Prior to testing, the specimens were mechanically ground using SiC papers and 
polished with diamond spray. Hardness test was finally carried out by using a micro Vickers hardness tester, with a 
load of 300 g for 15s indentation time10. 
The corrosion test was carried out in 3.5% NaCl solution11. The solution was agitated by a magnetic stirer to 
create erosive manner12. The rotation speeds were varied form 100, 200, 300, 400, 500 and 600 rpm. Tafel plots were 
obtained by means of a Gamry software and followed by corrosion rate determination.  
3. Results and discussion 
 The erosion-corrosion rate of the as-cast of  6063 aluminium alloy is 2.001 mm/year in 3.5% NaCl solution 
with a rotation speed 0 rpm and decreased to 0.171 mm/year after solution treatment- artificially aged on rotation 
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speed 0 rpm. The corrosion rate of this specimen decreased again to 0.002 mm/year after solution treatment - 
artificially aged - naturally aged for 14 days (figure.2). 
 
The effects of velocity in erosion corrosion is given by the following equation13: 
 
)(IfKvE n                                                                                                                                                        ( 1 ) 
 
where E = erosion rate, K = constant,   v = velocity, n = exponent,  Ǿ = impact angle. 
Reffering to the equation, the rotation speed of the 3.5% NaCl solution was strongly influenced by the erosion 
corrosion rates of this alloy. If the rotation speed of this solution increased, the erosion-corrosion this alloy would 
increased too. On the rotation speed of 0 rpm until 600 rpm, the erosion-corrosion rate of this alloy would increased 
while the increasing of rotation speed. 
 
 
Fig. 2. The erosion corrosion rate of AA6063 alloy as cast, solution treatment, artificially aged and combined 
 artificial-natural aged in seawater substitution 3.5% NaCl solution. 
 
 Generally, the optimum erosion corrosion resistance was obtained via a combination between the artificial 
and natural aging. In this condition, the alloy had a minimum corrosion rate of 0.002 mm/year at 0 rpm and a maximum 
corrosion rate of 5.306 mm/year at 600 rpm. 
 
 
as cast 
solution treatment 
artificial aging 
artificial and natural aging 
Rotation speed of 3.5 % 
NaCl (rpm)  
Cor
rosi
on 
rate 
(mm
/yea
r) 
44   Herman Pratikno /  Procedia Earth and Planetary Science  14 ( 2015 )  41 – 46 
 
Fig. 3. The hardness of  as cast A6063 alloy,after solution treatment, after artificially and artificial-natural aged 
The hardness of as-cast A6063 alloys was found to increase from 66.63 HV to 93.76 HV after the solution treatment 
and artificially aging process. The hardness of specimens was increased further up to 96.15 HV after 14 days of both 
artificial + natural aging process  (refer to figure 3). 
 
In most offshore systems, materials selection played an important role in minimising erosion-corrosion damage. 
Erosion-corrosion behavior on the basis of hardness4. Generally, the optimum hardness was obtained via a 
combination between the artificial and natural aging. In this condition, the alloy had a minimum corrosion rate.  
Figure 4 shows the microstructure of A6063 alloy after process of casting, artificial aging, and combined artificial-
natural aging. After the solutioning treatment, magnesium and silicon became completely solutable in the aluminium, 
known as a solid solution. 
 
 Both magnesium and silicon started to come out from the solid solution and precipitated as Mg2Si when age 
hardening begins. Precipitation at the early stage was perfectly coherent with the aluminium matrix. At high 
temperature, Mg2Si precipitates will become partially coherent and, eventually, incoherent with the matrix. In this 
case full coherency was very favourable in order to achieve higher strength and hardness. 
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Fig.4. Microstructures of AA6063 alloy after  (a) casting (b) solution treatment (c) artificial aged (d) artificial  and 
 natural aged. 
 
4. Conclusions 
Aging treatment can be improve the erosion-corrosion resistance of A6063 alloys. The optimum erosion corrosion 
resistance of this alloy can be reached if its artificial aging is combined with natural aging for 14 days, because the 
solution treatment can increase the hardness of this alloy. In this optimum condition, the alloy had a minimum 
corrosion rate of 0.002 mm/year at 0 rpm - a maximum corrosion rate of 5.306 mm/year at 600 rpm. 
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